We have re-observed the field of M 74 in January 2003 with XMM-Newton, 11 months after the X-ray detection of SN 2002ap. From a comparison of the two XMM-Newton observations we obtain more accurate values for the X-ray luminosity and colours of the source five days after the event, and a limit on its decline rate. We compare its X-ray behaviour (prompt soft X-ray emission, relatively low luminosity) with that of other Type Ic SNe, and speculate that SN 2002ap may share some physical properties (low mass-loss rate and high-velocity stellar wind from the progenitor star) with the candidate hypernova/GRB progenitor SN 1998bw, but with a lower (non-relativistic) speed of the ejecta. We suggest that the X-ray emission observed in 2002 is likely to come from the radiatively-cooling reverse shock, at a temperature kT ≈ 0.8 keV, and that this soft component was already detected 5 d after the event because the absorbing column density of the cool shell between the forward and reverse shocks was only ∼ 10 20 cm −2 , ie, the shell was optically thin in the soft X-ray band. The new XMM-Newton data also allowed us to continue monitoring two bright variable sources in M 74 that had reached luminosities > 10 39 erg s −1 in the previous XMM-Newton observation. Finally, we used two Chandra observations from 2001 to investigate the luminosity and colour distribution of the X-ray source population, typical of moderately-active late-type spirals.
Introduction
To date, only about 20 supernovae (SNe) have been detected in the X-ray band (see Schlegel 1995; Immler, Pietsch & Aschenbach 1998; Schlegel 1999; Pian et al. 2000; Immler, Aschenbach & Wang 2001; Pooley et al. 2002; Schlegel 2001; Immler, Wilson & Terashima 2002;  and the recent review by Immler & Lewin 2002) . Most studies have been conducted in the soft X-ray band by ROSAT and more recently by Chandra and XMM-Newton (Fox et al. 2000; Kulkarni & Fox 2003; Pooley & Lewin 2002; Schlegel 2002; Zimmermann & Aschenbach 2003) . Information at harder energies is much more limited: only SNe 1987A, 1993J and 1998bw have been investigated at energies higher than 13 keV, and only the first two have been detected (Sunyaev et al. 1987; Inoue et al. 1991; Leising et al. 1994) . SN 2002ap in M 74 (NGC 628) is one of only four Type Ic SNe detected in the X-rays, the others being the low-mass, normally energetic SN 1994I (Immler et al. Send offprint requests to: Roberto.Soria@mssl.ucl.ac.uk 1998; , the massive and energetic "hypernova" SN 1998bw (Galama et al. 1998; Iwamoto et al. 1998; Pian et al. 2000) , and the normal SN 2003L (Boles et al. 2003; Kulkarni & Fox 2003; Matheson et al. 2003) . From its broad optical spectral features and its high kinetic energy, Mazzali et al. (2002) argued that SN 2002ap can be classified as a hypernova, a class of SNe characterised by an energetic, probably asymmetric explosion and by a large mass of the collapsing star (Paczyński 1998; MacFadyen & Woosley 1999) . These physical circumstances make hypernovae strong candidates to explain the origin of Gamma-Ray Bursts. Indeed, SN 1998bw was observed in the BeppoSAX error box of GRB980425 and showed a good temporal agreement with it. Hypernovae are also thought to be progenitors of stellar-mass and possibly intermediate-mass black holes (BHs). Studying a Type Ic event at all wavelengths, and especially at high energies, is therefore crucial to understand the possible link between GRBs and SNe, and to test the identification of hypernovae as Type Ic SNe.
The host galaxy of SN 2002ap is itself an interesting target for an X-ray study: it is a face-on (inclination angle < 7 • , Shostak & van der Kruit 1984) , latetype spiral (morphological type Sc), with star formation along well-defined arms (eg, Kennicutt & Hodge 1980) . Its distance remains uncertain: recent photometric measurements put it at 7.3 Mpc (Sharina, Karachentsev & Tikhonov 1996; Sohn & Davidge 1996) . Previous estimates, however, ranged from 2 to 20 Mpc (eg, Bottinelli et al. 1984; Sandage & Tammann 1974) . A distance of 8.8 Mpc was recently adopted by Huchra, Vogeley & Geller (1999) based on its redshift. In this paper we shall assume a distance of 7.3 Mpc for all flux-to-luminosity conversions.
Data analysis and Results
The field of SN 2002ap and its host galaxy M 74 were observed by all instruments on board XMM-Newton with two Target-of-Opportunity observations: the first on 2002 February 2.03-2.42 UT (revolution 394, less than 5 days after the SN event); the second on 2003 January 7.53-7.83 UT (revolution 564). Both were taken in full frame, thin filter mode. After rejecting intervals characterised by highly fluctuating background, we kept a good time interval of 21.5 ks (weighted live time) for the 2002 pn observation, and 20.9 ks for the 2003 one. For the MOS, the weighted live times were 23.7 ks in 2002 and 24.4 ks in 2003. We processed both datasets, and extracted spectra and lightcurves using version 5.4 of the XMM-Science Analysis Software (SAS); we considered only "pattern-0" events in both pn and MOS. We then used standard tools such as XSPEC (Arnaud 1996) and PIMMS for further data analysis.
Count rates for SN 2002ap
SN 2002ap is detected as a faint X-ray source in the 2002 observation, both in the EPIC pn and in the EPIC MOS images. A preliminary estimate (Sutaria et al. 2002) yielded an observed flux of 1.07 +0.63 −0.31 × 10 −14 erg cm −2 s −1 in the 0.3-10.0 keV band. Sutaria et al. (2002) obtained this value by extracting the events from a 40 ′′ circle centred on the optical position of SN 2002ap, then subtracting the contribution from the background and from an unrelated source (CXOU J013623.4+154459) located ≈ 15 ′′ from the SN. The contribution from CXOU J013623.4+154459 was estimated from an archival Chandra ACIS observation of M 74 (taken on 2001 October 19). However, this method may lead to an inaccurate estimate, given the large uncertainty in the spectrum of CXOU J013623.4+154459 (ACIS-S count rate of 5.7×10 −4 cts s −1 , ie, only 26 counts in the 46.2-ks Chandra observation). Moreover, a 40 ′′ extraction radius includes a significant contribution from at least one other Chandra source (CXOU J013626.6+154459), located 38 ′′ from the SN (ACIS-S count rate of 1.9 × 10 −4 cts s −1 ).
We obtained an improved estimate of the X-ray flux of SN 2002ap in two different ways. Firstly, we used a much smaller extraction region (12 ′′ radius), to reduce the contamination from CXOU J013623.4+154459 and CXOU J013626.6+154459. We used the latest SAS calibration files, to correct for the smaller energy fraction enclosed in this region (≈ 60% of the total, for channel energies < ∼ 2 keV). We used the SAS tasks rmfgen and arfgen to construct accurate response matrices at the position of the source.
Alternatively, we compared the background contribution in the good-time-intervals of the 2002 and 2003 EPIC datasets. The (low) background count rate in the 0.3-12 keV range is consistent with being the same in both observations (differences are < 2% for the pn, and < 5% for the MOS). The pointing of the spacecraft was also approximately the same in 2002 and 2003, hence SN 2002ap is located in the same chip, nearly on-axis on both occasions. Comparing the XMM-Newton and Chandra datasets, we could verify that the brighter (and closer) of the two This yields a pn count rate of (2.75 ± 0.57) × 10 −3 cts s −1 in the 0.3-12 keV band. By comparing the count rates in three separate narrow bands (0.3-1 keV, 1-2 keV, 2-8 keV) we notice that the source has a soft spectrum. In fact, the count rate in the 2-12 keV band is affected by some residual contamination from the nearby hard spectrum source CXOU J013626.6+154459, and should be considered an upper limit to the hard X-ray emission from SN 2002ap. For MOS1, the corrected count rate on 2002 February 2 was (7.0 ± 2.7) × 10 −4 cts s −1 ; for MOS2, (7.8±2.9)×10 −4 cts s −1 . The low number of source counts (≈ 10 counts in each of the two MOS's) does not allow a significant colour determination.
We then analysed the difference between the 2002 and 2003 images, using the latter as a background to be subtracted from the former. If this is done using a 12 ′′ source extraction radius, we obtain that the pn count rate in 2002 was higher than in 2003 by (2.6±0.5)×10 −3 cts s −1 in the 0.3-12 keV band. When a 30 ′′ circle is used, the differential pn count rate is (3.0 ± 0.7) × 10 −3 cts s −1 in the same energy band. These values are consistent with the count rate determined from the 2002 dataset alone, confirming that the contribution of SN 2002ap in 2003 is negligible. Taking the average of the three measurements, we conclude that SN 2002ap had a pn count rate of (2.78 ± 0.33) × 10 −3 cts s −1 in the 0.3-12 keV band (Table 1) .
Applying the same method to the MOS1 dataset, we obtain a differential count rate of (8.6 ± 2.8) × 10 −4 cts s −1 in the 0.3-12 keV band when we use a 12 ′′ extraction region, and (6.9 ± 3.8) × 10 −4 cts s −1 for a 30 ′′ circle. For MOS2, the count rates are (7.5 ± 2.9) × 10 −4 cts s −1 and (7.5 ± 3.8) × 10 −4 cts s −1 , respectively. Again, these values are in agreement with the MOS count rates determined with the 2002 dataset only, confirming that any residual contribution in 2003 is negligible. The average MOS1 and MOS2 count rates are also listed in Table 1. SN 2002ap is no longer detected in the 2003 January observation: neither in the single pn and MOS images, nor in a combined EPIC image. We estimate an upper limit to the pn count rate of ≈ 4 × 10 −4 cts s −1 in the 0.3-12 keV band. 1
Flux and luminosity of SN 2002ap
The low signal-to-noise ratio of the pn spectrum does not allow a meaningful model fitting in XSPEC. However, we can at least constrain the spectrum of SN 2002ap by comparing its soft and hard X-ray colours with the colours expected for some simple spectral models. The count rates inferred for the three pn narrow bands on 2002 February 2 ( Table 1) are indicative of a soft spectrum. The conversion from count rates to emitted fluxes is strongly dependent on the absorbing column density. The foreground Galactic H I column density in the direction of M 74 has been estimated as 4.8 × 10 20 cm −2 (Dickey & Lockman 1990) . From the interstellar dust maps of Schlegel, Finkbeiner & Davis (1998) , a reddening E(B − V ) = 0.072 ± 0.012 is obtained at the position of SN 2002ap. Using the empirical relation n H = 1.79 × 10 21 A V = 5.73 × 10 21 E(B − V ) cm −2 (Predehl & Schmitt 1995) , where A V is the extinction in the V band, a Galactic column density n H = 4.2 +0.6 −0.7 ×10 20 cm −2 is derived. To this value, we need to add the intrinsic absorption due to the circumstellar material. For this component, optical spectroscopic analysis of the Na I D lines shows that n H = (1.15 ± 0.05) × 10 20 cm −2 (Takada-Hidai, Aoki & Zhao 2002). Hence, we can take 5 × 10 20 cm −2 as a lower limit on the total absorbing column density. However, the X-ray spectrum may be more absorbed than the optical emission, hence we cannot obtain an upper limit for n H from the optical observations. We shall discuss this issue in Section 3.1.
We then assumed that the spectrum could be approximated by one or two optically-thin thermal-plasma components (Raymond-Smith models in XSPEC, with solar abundance), and we investigated the range of temperatures and column densities consistent with the observed colours. We found (Figure 1 ) that the spectrum is inconsistent with single-temperature models at kT > ∼ 1 keV. The observed X-ray colours are consistent for example with a single-temperature model with kT ≈ 0.5 keV and n H ≈ 5 × 10 21 cm −2 ; or with kT ≈ 0.75 keV and n H ≈ 3 × 10 21 cm −2 . If we take the lowest allowed value of n H ≈ 5×10 20 cm −2 , the observed colours imply kT ≈ 0.85 keV. We cannot rule out two-temperature models, for example, with kT 1 ≈ 0.5 keV, kT 2 ≈ 2 keV, n H ≈ 1 × 10 21 Here S is the pn count rate in the 0.3-1 keV band, M is the rate in the 1-2 keV band, and H the rate in the 2-12 keV band (as listed in Table 1 ). The curves show the expected colours for some simple one-and two-temperature Raymond-Smith spectral models, at varying column densities. Along each curve, we plotted the colours corresponding to n H = (0.5, 1.0, 2.0, 5.0, 7.5, 10) × 10 21 cm −2 (column density increasing from bottom to top along each curve). cm −2 , where we have normalized the two components so that each contributes half of the emitted flux in the 0.3-12 keV band. However, two-temperature models including a hot component with kT > ∼ 5 keV are inconsistent with the soft colours observed for this source.
We calculated the fluxes and luminosities for some representative single-temperature models consistent with the observed colours (Table 2) . As noted earlier, most of the X-ray flux is detected below 2 keV. We estimate an emitted luminosity in the 0.3-2 keV band ranging from a few times 10 37 to ≈ 10 38 erg s −1 (depending on the spectral model), and an emitted luminosity in the 2-12 keV band of ≈ 1.2 × 10 36 erg s −1 for all spectral models. However, given the large uncertainties in the background subtraction, we can take ≈ 1 × 10 37 erg s −1 as a safe upper limit for the emitted luminosity in the hard band.
Two "ultra-luminous" sources?
In addition to the 2002 and 2003 XMM-Newton observations, M 74 was observed twice by Chandra ACIS-S: on 2001 June 19 (46.4 ks), and on 2001 October 19 (46.2 ks). We obtained the Chandra dataset from the public archive and analysed it with the standard CIAO software. See also Krauss et al. (2003) .
Two variable X-ray sources were detected by XMM-Newton with emitted luminosities > ∼ 10 39 erg s −1 in their bright state. One of them, XMMU J013636.6+155035, was detected only in the 2002 February EPIC observation. It was not found in the 2003 January co-added EPIC image, from which we estimate that it was at least 30 times Table 1 . XMM-Newton count rates for SN 2002ap on 2002 February 2, in units of 10 −4 cts s −1 . The rates have been corrected for the telescope vignetting and the finite size of the extraction region. The values listed here are the averages of the results obtained with the three methods described in Section 2.1.
7.6 ± 1.9 fainter than 11 months before; it was also undetected in both Chandra images from 2001. We refined the spectral analysis presented in Soria & Kong (2002) by co-adding the pn and MOS data (using a program written by M. Page), thus increasing the signal-to-noise ratio, and by using more recent calibration files in the SAS. The combined EPIC spectrum from 2002 February is well fitted by a simple power law with Γ ≈ 1.9, and total (Galactic plus intrinsic) absorption n H ≈ 1.8×10 21 cm −2 (Table 3) . This corresponds to an emitted luminosity ≈ 1.6 × 10 39 erg s −1 in the 0.3-12 keV band. We also analysed the lightcurve but found no periodicity in the 1-10,000 s range. The count rate is consistent with the source being constant over the duration of the 2002 XMM-Newton observation. Its emitted luminosity in 2003 must be < 5 × 10 37 erg s −1 .
The other bright source in the M 74 field, CXOU J13651.1+154547, is detected in both Chandra and both XMM-Newton observations. In the first three observations it exhibited strong variability over timescales of a few thousand seconds, with flux changes as large as an order of magnitude ). If we assume that this source belongs to M 74 and is not a background AGN 2 , typical luminosities inferred from the 2001-2002 data were ≈ 5 × 10 38 erg s −1 in the faint state, with peaks of up to ≈ 8 × 10 39 during the flares. Variability over shorter timescales (∼ 100 s) was also observed. Spectral analysis showed that the X-ray emission was harder when the source was brighter .
Data analysis for the 2003 XMM-Newton observation is complicated by the location of the source on a CCD gap in the pn. We eliminated the contamination of spurious events along the chip edge by extracting only "flag-0" & "pattern-0" events. Fortunately, the source is located sufficiently far away from any chip gaps in the MOS. Taking into account vignetting (the source is 5 ′ off-axis) and the fraction of pn events lost in the chip gap, we obtained the combined EPIC lightcurve shown in Figure 2 . The observed count rate appears to be much less variable than in 2001 and 2002, with no signs of strong flares. We carried out Fourier analysis of the data but found no significant periodicity in the 1-10,000 s range.
We co-added the pn and MOS X-ray spectra to increase the signal-to-noise ratio. The spectrum in the 0.3-12 keV band can be fitted with a simple power-law with Γ ≈ 2.5 ± 0.5, absorbed by a total column density n H ≈ 1.7 × 10 21 cm −2 (χ 2 ν = 1.16 for 16 d.o.f; Figure 3 and Table 4 ). Adding a multicolour black-body component or using comptonized black-body models (eg, comptt, bmc or thcompds in XSPEC) does not significantly improve the fit. When Comptonization models are used, the temperature of the seed thermal component is constrained to be 2 Two candidate "ultra-luminous" sources in the field of nearby galaxies have recently been recognised as background AGN (Masetti et al. 2003; Foschini et al. 2002) . The possibility that CXOU J13651.1+154547 is a background object was discussed by Krauss et al. (2003) , but considered unlikely in the absence of any radio or optical counterpart. < ∼ 0.26 keV. Using the power-law spectral model, we obtain an emitted flux 1.3×10 −14 erg cm −2 s −1 in the 0.3-12 keV band; for the bmc model, the flux is 1.2 × 10 −14 erg cm −2 s −1 . At the assumed distance of M 74, the emitted luminosity is ≈ 8 × 10 38 erg s −1 for both spectral models.
Colour and luminosity distribution of the other X-ray sources
In addition to an individual study of these three objects, we investigated the color and luminosity distribution of the discrete source population in M 74, to distinguish different physical classes of sources and estimate the relative fraction of X-ray binaries (XRBs) and supernova remnants (SNRs). The spatial resolution of the XMM-Newton EPIC cameras is not sufficient to resolve many faint sources in the inner disk; therefore, we used the co-added 2001 June + October Chandra ACIS-S observations for this study. Chandra's arcsecond resolution and low instrumen-tal background allowed us to achieve a detection limit of ≈ 10 37 erg s −1 .
Seventy-four X-ray sources are detected at > 3.5σ significance inside the D 25 ellipse of M 74, in the Chandra ACIS image (Appendix A.1). The cumulative count rate distribution (Figure 4) is fitted by a simple power-law of index α ≈ −1.0, for sources with an ACIS count rate > ∼ 3 × 10 −4 cts s −1 . Assuming n H = 1 × 10 21 cm −2 , and a power-law spectrum with Γ = 1.7, this corresponds to an emitted luminosity ≈ 2 × 10 37 erg s −1 . A power-law luminosity function is consistent with the distribution observed in disks of other spiral galaxies with moderately active star formation (eg, α ≈ −0.8 in M 101, see Pence et al. 2001 ; α ≈ −1.1-−0.9 in the disk of M 31, see Kong et al. 2003) . A steeper power-law index (α ≈ −1.7) is generally observed in spiral bulges, which are dominated by old stellar populations, while flatter slopes (α ≈ −0.5) are typical of starburst galaxies (eg, the Antennae and M 82; see Zezas & Fabbiano 2002 and references therein). (Figures 4 and 5) are an effective way of separating the discrete sources into separate physical groups: soft and hard XRBs, SNRs and supersoft sources. We chose the colour indices . The spectral models overplotted in the diagrams are: power-laws with photon indices Γ = 1.3, Γ = 1.7 and Γ = 2.0 (characteristic of XRBs in the hard state); disk-blackbody with kT in = 0.5 keV and kT in = 1.0 keV (typical of XRBs in the soft state); opticallythin, single-temperature thermal plasma at kT rs = 0.5 keV (typical of SNRs); blackbody at kT bb = 0.1 keV (typical of supersoft sources). For each model, the column density increases from the bottom to the top, from n H = 5 × 10 20 cm −2 (line-of-sight foreground absorption for M 74) to n H = 5 × 10 21 cm −2 for the blackbody model, to n H = 7.5 × 10 21 cm −2 for the optically-thin thermal plasma model, to n H = 2 × 10 22 cm −2 for the disk-blackbody models, and to n H = 5 × 10 22 cm −2 for the power-law models. In calculating the expected colours for each of those spectral models, we took into account the time-dependent degradation of the ACIS detector at soft channel energies.
Colour-colour plots
We also plotted in Figures 5 and 6 the approximate colours that SN 2002ap would have had if it had been observed with the ACIS-S detector 3 . The source colours fall in the region of the diagam which in star-forming galaxies is usually populated by SNRs (eg, Prestwich et al. 2003; Soria & Wu 2003) . 
Discussion

The X-ray behaviour of SN 2002ap
Type Ib/c SNe are rare occurrences in nearby galaxies, and they are only rarely observed in the X-rays. It is Fig. 6 . X-ray colour-colour plot of all the sources found inside the D 25 ellipse of M 74 in the two Chandra observations, without error bars. The three energy bands and the spectral models have been chosen like in Figure 5 . not clear whether there is a "typical" X-ray behaviour. In fact, the two best-monitored previous cases of Type Ic X-ray SNe, 1994I and 1998bw, have substantially different X-ray light curves at early times (Figure 7) . SN 1998bw exhibited early X-ray emission (detected by BeppoSAX) in the 0.1-10 keV range, starting 10 hours after the explosion (Pian et al. 2000) . The initial decline was slow: only a factor ≈ 2.5 over the first 6 months. An XMM-Newton measurement nearly 4 years later shows that the X-ray decline must have been faster at later epochs (Figure 7 ; Pian et al. 2003) . In contrast, SN 1994I was not detected by ROSAT until day 82 after the explosion (Immler et al. 1998 ). However, its late-epoch temporal behaviour (i.e. after day 82), sampled by Chandra , is consistent with that of SN 1998bw (Figure 7) .
The temporal behaviour of SN 2002ap is overall more similar to that of SN 1998bw, in the sense that both SNe showed prompt X-ray emission. The 2003 upper limit on the X-ray flux of SN 2002ap is at least 7 times fainter than the 2002 detection: this is roughly consistent with the decay rate of SN 1998bw (Figure 7) . This analogy strengthens the case for a hypernova classification of SN 2002ap. The early X-ray detection of SN 1998bw may suggest the presence of a jet, in which prompt, non-thermal radiation can be efficiently produced, similar to GRB afterglow radiation (see Pian et al. 2003) . However, the absence of hard X-ray emission in SN 2002ap (the upper limit on the 2-12 keV flux implies a luminosity at least a factor ∼1000 lower than in SN 1998bw) argues against the presence of highly relativistic conditions at the forward (circumstellar) shock. This SN was also less radio-luminous than SN 1998bw (Berger, Kulkarni, & Chevalier 2002) . The lower energy emitted in the X-ray and radio bands is consistent with the estimate of the total energy of SN 2002ap (5 × 10 51 erg s −1 ), which is an order of magnitude smaller than in SN 1998bw (Mazzali et al. 2002) . Pian et al. (2003) and references therein, and from , respectively.
X-ray emission from a SN may originate either from the forward shock or from the reverse shock (eg, Fransson 2002 for reviews). Following the self-similar analytical approximation of Fransson, Lundqvist & Chevalier (1996) , one can write the ejecta density ρ as a function of their velocity v: ρ ∼ ρ 0 t −3 v −n , where ρ 0 depends on the velocity V of the ejecta at the reverse shock. As noted earlier, the low radio and hard X-ray luminosities of SN 2002ap seem to rule out a relativistic speed for the ejecta: it is more likely that V ∼ (1-3) × 10 4 km s −1 , as is the case in most core-collapse SNe (eg, Matzner & McKee 1999) . The circumstellar wind density can be parameterised as:
where r 0 ∼ 10 15 cm, −1.5 < ∼ s < ∼ 2. The mass-loss ratė M ≈ 5 × 10 −7 M ⊙ yr −1 for the progenitor of SN 2002ap (Berger et al. 2002) . The stellar-wind velocity v w is generally of the same order as the escape velocity from the progenitor star, that is ∼ 10 3 km s −1 in the case of Type Ic SN progenitors.
In the thin shell approximation, the forward shock has a temperature kT f ≈ 200 V 2 4 keV, where V 4 ≡ V /(10 4 km s −1 ); the temperature of the reverse shock is T r = [(3 − s)/(n − 3)] 2 T f (from Equations (3.1) and (3.2) in Fransson et al. 1996) . The observed colours of SN 2002ap imply temperatures 0.5 < ∼ kT < ∼ 0.9 keV, sug-gesting that the emission comes from the reverse shock, and that the density gradient of the ejecta is very steep, with 25 < ∼ n < ∼ 50. Taking n ≈ 40, we estimate that 5 days after the SN event, the cooling timescale of the reverse shock was ∼ 2-4 d (Equation (3.14) in Fransson et al. 1996) . The total luminosity emitted by the reverse shock is (for s = 2):
whereṀ −6 is the mass-loss rate in units of 10 −6 M ⊙ yr −1 , and v w,3 the wind speed in units of 10 3 km s −1 (Fransson et al. 1996) . This simple approximation gives an emitted luminosity ∼ 10 37 erg s −1 , in agreement with the observations (Table 2) if the absorbing column density is < ∼ 10 21 cm −2 . On the other hand, the same model predicts an X-ray luminosity from the forward shock ∼ 10 31 -10 32 erg s −1 , entirely negligible. As the reverse shock cools down radiatively, a cold shell is formed between the reverse shock and the contact discontinuity, with a column density that scales ∼ (n − 4) (V t) −1 (Ṁ /v w ) (Fransson et al. 1996) . At t = 5 d after the event, and for values of the physical parameters suitable to SN 2002ap, this implies an intrinsic column density ≈ (1-2) × 10 20 cm −2 .
In conclusion, we argue that the low temperature (kT ≈ 0.8 keV) of the X-ray emission observed from SN 2002ap on 2002 February 2 points to a radiatively-cooling reverse shock as the origin of the X-rays. If so, the fact that it was already detected 5 d after the event implies that the cool shell between the reverse shock and the contact discontinuity was already optically thin. The ratio of mass-loss rate over stellar-wind velocity is the crucial factor determining the column density across the cool shell (scaling as (Ṁ /v w )) and the luminosity of the forward shock (scaling as (Ṁ /v w ) 2 ). For Type Ic SNe, which originate from a massive but more compact progenitor, this factor may be ∼ 10 3 times smaller than for Type II SNe (eg, SN 1993J; SN 1999em) . Hence, in the latter cases the cool shell is generally optically thick to the soft Xray emission until a few weeks or months after the event (Fransson et al. 1996; Immler & Lewin 2002) , and only hard X-ray emission from the forward shock may be detected in the initial phases. In this scenario, the late X-ray detection of SN 1994I suggests a higherṀ /v w ratio for this object , than for SN 1998bw and SN 2002ap, despite all three being classified as Type Ic events. Finally, we argue that the luminosity, X-ray spectral colours and radio properties suggest that the velocity of the ejecta is relativistic in SN 1998bw, but an order of magnitude slower in SN 2002ap and SN 1994I.
The limited S/N and the scarce temporal information do not allow us to measure the X-ray flux decline timescale in SN 2002ap, and therefore we are unable to investigate in more detail the density of the circumstellar medium as a function of radial distance from the SN, and the cooling timescale of the shocked ejecta. More cases of Type Ic SNe must be followed with XMM-Newton, to understand the emission processes, constrain the parameters of the circumstellar medium and detect possible deviations from isotropy in the geometry of the explosion.
Nature of the brightest X-ray sources
Accreting X-ray sources are usually classified as "ultraluminous" (ULXs) when they are persistently brighter than the "classical" Eddington limit of a ≈ 7M ⊙ BH (eg, Colbert & Mushotzky 1999; Roberts & Warrwick 2000) . In 2002 February, XMMU J013636.6+155035 was the brightest source in M 74 with a luminosity ≈ 1.6 × 10 39 erg s −1 , approximately constant over the 25-ks observation, and a featureless power-law X-ray spectrum. However, the source was no longer detected in 2003, its flux having declined by at least three orders of magnitude, and we cannot determine how long the high state may have lasted.
The other candidate ULX in M 74, CXOU J013651.1+154547, showed little variability in the 2003 January observation, at a luminosity of ≈ 8×10 38 erg s −1 . The persistent component of the X-ray emission was ≈ 5 × 10 38 erg s −1 in 2001 October and 2002 February . Hence, the "steady" X-ray luminosity appears to be always less than the Eddington limit for a "canonical" 7M ⊙ BH. (This is still the case even for the larger distance to M 74 assumed by Krauss et al. 2003) . In the first three observations, hard X-ray flares were detected on top of the persistent component, on timescales of a few thousand seconds. During the flares, the source exceeded the 7M ⊙ Eddington limit by up to a factor of 10, but only for short periods of time: none of the flares lasted longer than ≈ 1 h. The rapid variability was interpreted as evidence of an additional, beamed emission component, possibly associated with a jet.
It may not be necessary to invoke beamed emission or a micro-quasar scenario to explain the short super-Eddington flares. Short episodes of super-Eddington emission are sometimes found in neutron-star XRBs. The rapid variability pattern of CXOU J013651.1+154547 is also not unique. For example, the high-mass XRB LMC X-4 shows a persistent luminosity ≈ 2 × 10 38 erg s −1 ≈ L Edd for a neutron star, and repeated bursts/flares with peak luminosity ≈ 2×10 39 erg s −1 (Moon, Eikenberry & Wasserman 2003) . The "Rapid Burster" MXB 1730−335 and GRO J1744−28 are two other examples of rapid, repeated flaring (Lewin et al. 1996) The X-ray bursts in these systems are generally thought to be caused by the spasmodic release of gravitational potential energy ("Type-II" bursts, as opposed to the thermo-nuclear "Type-I" bursts; eg, Lewin 1995) . However, the exact mechanism is still unclear and may differ from source to source. Thermal-viscous instabilities in the inner disk region have been invoked to explain the inhomogeneous accretion (Cannizzo 1996 (Cannizzo , 1997 . Alternatively, the flares have been attributed to the accumulation and subsequent sudden release of accreting matter at a centrifugal barrier; in the case of a neutron star, the barrier can be created by the magnetosphere of the rapidly rotating compact object (Bann 1977 (Bann , 1979 . Mass transfer instabilities or inhomogeneous winds from the companion star have also been suggested (Vogt & Penrod 1983) . Further X-ray studies of CXOU J013651.1+154547 will be required to ascertain whether its flaring behaviour could be an example of Type-II bursts in a stellar-mass BH XRB, and to determine what physical mechanism is responsible for the intermittent accretion, or for the intermittent ejections in the micro-quasar scenario.
X-ray colours of the point sources
The discrete X-ray sources are roughly clustered into three main groups in the colour-colour plots (Figures 5 and  6 ). Soria & Wu (2003) and Soria & Kong (2003) for a discussion of colour-colour plots in other nearby spiral galaxies, and Di for a classification of soft and supersoft sources.) A preliminary comparison between the two Chandra and two XMM-Newton observations shows that at least three bright (∼ 10 38 erg s −1 ) candidate XRBs exhibit spectral transitions between a harder and a softer state. This is beyond the scope of this paper and is left to further work.
About 10% (7 : 74) of the point sources are supersoft (kT < ∼ 100 eV), another 10% (7 : 74) are candidate X-ray SNRs, and the rest are likely to be XRBs. The relative fraction of SNRs is lower than in other star-forming spiral galaxies such as M 83 and NGC 300 (Soria & Wu 2003; Soria & Kong 2003) . This is probably due to the larger distance to M 74: most SNRs in nearby galaxies have luminosities < ∼ 10 37 erg s −1 , below our detection limit.
Conclusion
We investigated the X-ray source population in the latetype spiral M 74. We took a new XMM-Newton observation in 2003 January to study the evolution of the rare Type Ic SN 2002ap a year after the event, and monitor the variability of two bright BH candidates. In addition, we used archival Chandra ACIS observations from 2001 June and October to determine the luminosity and colour distribution of all the other discrete sources.
We have more accurately determined the X-ray colours and luminosity of SN 2002ap five days after the event, and put an upper limit to its luminosity a year later. Unlike other well-studied core-collapse SNe (eg, SN 1999em: Pooley et al. 2002 , SN 2002ap was not dominated by hard X-ray emission in its early stages. The X-ray colours observed in 2002 February were soft, suggesting that the dominant component was optically-thin thermal emission at kT < 1 keV. Assuming an absorbing column density < ∼ 10 21 cm −2 , we estimate an emitted luminosity of ≈ 5 × 10 37 erg s −1 in the 0.3-12 keV band, on 2002 February 2. The emitted luminosity in the 2-12 keV band is an order of magnitude lower. After 11 months, the source was no longer detected, implying that its luminosity had decreased by at least a factor of seven. We argue that the prompt soft X-ray emission was coming from the reverse shock, and that this is consistent with a low mass-loss rate and high stellar-wind velocity from the progenitor, as expected in Type Ic events. Unlike for other Type Ic events such as SN 1998bw, there is no evidence of relativistic ejecta.
Seventy-four discrete X-ray sources (not including two obvious foreground stars) were detected inside the D 25 ellipse in the combined Chandra observations, with a detection limit of ≈ 10 37 erg s −1 . Their luminosity distribution is well modelled by a simple power-law of slope ≈ −1.0, similar to the value inferred for other moderately active star-forming spiral disks. About 80% of the detected sources have X-ray colours consistent with those of XRBs; in particular, all the 35 brightest sources (L > ∼ 2.5 × 10 37 erg s −1 ) are likely XRBs.
We have studied the temporal and spectral behaviour of the two brightest X-ray sources previously found in M 74. XMMU J013636.6+155035 (emitted luminosity ≈ 1.6 × 10 39 in 2002) is no longer detected in 2003 and must now be fainter than 5 × 10 37 erg s −1 . The flaring source CXOU J013651.1+154547 has settled into a soft state (power-law spectrum with Γ ≈ 2.5) with little variation around an average luminosity ≈ 8 × 10 38 erg s −1 . In the 21 ks of our 2003 January observation we did not find any of the hard flares (peak luminosity ≈ 10 40 erg s −1 ) detected in 2001 . The nature of the super-Eddington bursts remains unclear: we argue that they could either be due to beamed emission in a microquasar/jet scenario (as proposed by Krauss et al. 2003) , or be analogous to Type-II bursts in neutron star XRBs, ie due to episodes of spasmodic/intermittent accretion in addition to a steady sub-Eddington component.
